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Abstract 
This study is part of a new product design project. Its scope is the enhancement of a hybrid boiler, which is an innovative product 
using different energy sources (natural gas and electricity with a share of renewable energy). One of the key points in this project 
is to make this boiler more communicative by wiring it to an information system. This system called “Thermibox” gives us a way 
of monitoring boiler parameters when it works on the field in a real use case. Moreover, as a complete information system, the 
Thermibox could be a significant link between the products, the customer and our company which designs and manufactures the 
product. 
Within TRIZ framework, the goal of this study is to show a new way of documenting expected contradictions and finding physical 
and technical contradictions that were not expected while designing the product by using a smart monitoring system. The main 
purpose is to define a set of parameters that could have a correlation and then find how they interact by monitoring them and using 
algorithms taken from data mining. The system should also be able to classify the contradictions according to their frequency or 
their intensity and help us finding the available resources to solve them. 
On the one hand, this tool could give us the necessary information to design a new product as soon as we have a functional 
prototype, or to improve an existing one for a new version. The created information should be an adequate input to roll out the 
TRIZ process and work on contradictions that would have been hard to identify in the normal way. On the other hand, if the 
contradictions we brought to light can be formalized easily, the balance between system parameters could be used in an active way 
to optimize the regulation and parameterization of the product. 
© 2015 The Authors. Published by Elsevier Ltd. 
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Nomenclature 
COP Coefficient of Performance 
1. Introduction 
On the one hand, the system optimization pushes the use of different kind of technologies to satisfy a same 
functionality in a multitude of different cases of external stress. This can be revealed by using the TRIZ time and space 
separation principles. This phenomenon is typically defined by the fifth evolution pattern stating that a technical 
system first tends to develop complexity before a simplification emerges, brought by the emergence of a new 
technology [1]. This complexity has to be managed by the designer using control elements. They will take decisions 
based on technological knowledge and some sensors. As a consequence, those additional elements must have an 
overview of the system components and should manipulate data which are representatives of the system status. 
On the other hand, Information and communication systems have developed quickly. More and more people have 
an internet connection at home and use mobile devices like smartphones to share information through the web. As 
technologies generalize, their costs decrease and companies can see more valuable functionalities for mass 
consumption products. That is a reason why we can notice a coming technological revolution with the internet of 
things [2].  A good example of this effect is the energy providers that connect their meters to the internet to follow the 
customer’s consumption and adapt offers and delivery processes according to the customer’s needs. 
Based on these observations, we can imagine that in a near future, companies should have a huge number of 
information indicators on the way the product of works at the customer’s home. Within a TRIZ approach for a new 
product design, this information could be considered as a new resource to feed the problem solving process of new 
product engineering. 
In this paper, we will see how this kind of information can be used to help the designer manage his perspective on 
a problem. We also propose an experiment that raises the potential of a data approach on a real case of a product 
redesign.  
 
Fig. 1: Graphical representation of the case study according to convergent process framework 
2. Scope of the study in TRIZ 
During the first step of the TRIZ problem solving process, the main idea to solve an issue is to avoid going into a 
direct apparent solution by increasing the abstraction degree of the issue thanks to modelling [3]. This approach leads 
us to rethink our problem through an ideal which we aim to abstract from the technical system to focus us on the 
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functionalities and the technical realisation. Subsequently, these functionalities can be described in the form of 
technical and physical parameters that turn out to be implements for the ideal realization. This study leads the designer 
to ask himself “How can the solution which poses a problem can be solved?” in a systematic way that minimizes the 
time and effort to make the idea converge to the most optimized solution [4]. In this perspective, TRIZ offers a wide 
variety of tools to help the designer manage his point of view over the final solution by managing a model of a problem 
called “contradiction” [5] (Fig. 1). 
Over the past few years the concept of contradiction has been worked with the aim to systematize the TRIZ process. 
Researcher built and formalized an ontology of the TRIZ approach in the way to integrate the process in a software 
allow companies to use this method easily and quickly [6]. Moreover, this ontology opens new possibilities for the 
TRIZ by matching design science with computer science [7] which is bringing new possibilities in an innovation 
framework [8]. 
In this case study, we do not want to substitute the work and the knowledge input of the designer by an algorithm 
with a systematic data analysis. We want to work on the opportunities raised by the evolution of the economical 
context, the TRIZ framework and the technology to improve the inventive problem solving by using a new resource 
that could be considered as an additional tool for the designer in a near future. The source data is already used in the 
control system and we want to use it to extract additional information, without additional costs for the manufacturer 
or the end user. 
3. Data mining tools 
Data mining is a mathematical field that combines statistics, databases, machine learning and artificial intelligence. 
Supported by computational technologies, this field is growing quickly and aims at discovering knowledge through a 
large quantity of data. The main topics covered are classification and clustering, trend and deviation analysis, 
dependency modelling and integrated discovery systems [9]. 
With the growth of numerical support used in the industry such as bar codes and the computerization of many 
business transactions, some kinds of tools developed in this field are commonly used to achieve typical targets like 
detecting customer behaviour patterns for marketing and sales [10]. However, we can also find research activities on 
data mining that are used by managers to design new products and processes [11]. They are creating tools for data 
visualization and decision making and these researches underline the fact that the relevance of the results depend on 
two different aspects: 
x The technical expert must clearly gives his expectation to the algorithm designer and must also interpret the 
results. 
x The algorithm designer must choose the right filter and analyze algorithms in the library in order to have 
acceptable consistency while comparing with the requirements. 
4. Experimentation of the procedure 
4.1. System under the experimentation 
This study is part of a new product design project. Its scope is the enhancement of a hybrid boiler, which is an 
innovative product using different energy sources (natural gas and electricity with a share of renewable energy). The 
new hybrid boiler design project follows the TRIZ approach with a system modeling and an issue definition with 
regards to an ideal final result. A contradictions network (Fig. 2) which display our contradictions (green squares) and 
the partial solutions (yellow squares) and shows us that in our case the principal enhancement factor is the heat pump 
efficiency. 
Another key point in this project is to make this boiler more communicative by wiring it to an information system. 
This system called “Thermibox” gives us a way of monitoring boiler parameters when it works on the field in a real 
use case. Moreover, as a complete information system, the Thermibox could be a significant link between the products, 
the customer and our company witch designs and manufactures the product. 
Within TRIZ framework, the goal of this study is to show a new way of documenting expected contradictions and 
finding physical and technical contradictions that were not expected while designing the product by using a smart 
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monitoring system. The main purpose is to define a set of parameters that could have a correlation and then find how 
they interact by monitoring them and using algorithms taken from data mining. The system should also be able to 
classify the contradictions according to their frequency or their intensity and help us find the available resources to 
solve them. 
 
Fig. 2: The contradiction network of the hybrid 
4.2. Measure and analysis protocol 
To show the two aspects of the study (contradiction finding and documentation), we chose to start from a poly-
contradiction taken from the contradiction network to which we can link some technical contradictions (Fig. 3). We 
want to focus on the rotational speed of a fan that we want small to favor its consumption, its noise and the air flow, 
but we also want it high to favour the efficiency and performance of the global system. 
 
Fig. 3: The poly-contradiction selected for the study 
In order to try to reveal this contradiction using product working data, we place the product in a laboratory with 
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nominal operating conditions and where we control the external conditions. The goal is to simulate the largest variety 
of use cases of the product that could happen on the field. 
To prepare the data, we follow the information chain (Fig. 4) we should have in a real smart monitoring system. 
The data are generated by the product in a working period, tracked by a sensor and used by the controller to regulate 
the system. Then they are collected and stored in a monitoring system that is plugged to the controller to read the used 
data. Finally, a data pre-processing phase estimates some parameters that cannot be measured without adding 
additional sensors. 
All these data are sent through an analysis phase. In this phase we apply two different algorithms in order to reveal 
the signature of contradictions within the data. The first tool is a simple correlation matrix. This matrix is ordered so 
that it reveals blocks of attributes that are strongly correlated to each other. The second tool is a clustering algorithm 
we use to segment the data set in subsets corresponding to different categories of behaviours. 
 
 
Fig. 4: The process model for the data analyze 
The goal of the study is here to find a mark of the selected contradictions in the data and validate the process we 
thought as pertinent. It shows us how a contradiction could be detected and what kind of signature it could leave in a 
data set. We will also focus on the way it could help the designer confronted to an issue by describing the technical 
system or by finding new resources to solve the problem. 
4.3. Analysis 
The following results comply with the process we thought initially and start with data we monitor on the appliance. 
To create our data sample, we monitor parameters of the poly-contradiction in different stress conditions. Only thirteen 
stable operating points have been selected to ensure the relevance of the results. In addition, in order to validate the 
ability of our data processing protocol to reveal contradictions we added “polluting” parameters to the data set: these 
parameters are real measures taken on the product, yet they are thought by the expert to be unrelated to the expected 
contradictions. 
The measured parameters are: 
x The heating flow temperature (°C) 
x The external temperature (°C) 
x The fan rotational speed (RPM) 
x The compressor outlet temperature (°C) 
x The evaporator temperature (°C) 
x The air humidity rate (%) 
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In addition, we use intrinsic rules of the product to estimate other important parameters such as: 
x The coefficient of performance 
x The fan consumption (W) 
x The fan noise (dBA) 
x The air flow rate (m3/h) 
Correlation between product attributes - We processed the data set above with a first correlation analysis 
providing a correlation matrix between all the data set attributes (Table 1). This matrix gives us indicators about the 
way parameters evolve in relation with each others. This analysis reveals “blocks” of strong correlated measures: these 
measures are related to one another.  
Having a link between two parameters is a necessary condition to identify a contradiction, but it is not enough. 
Table 1: Correlation matrix 
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COP  0.522 0.522 0.521 0.518 0.504 0.398 0.241 0.024 0.001 
Fan rotative speed 0.522  1 1 0.986 0.53 0.018 0 0.315 0.155 
Fan consumption 0.522 1  1 0.986 0.53 0.018 0 0.315 0.155 
Fan noise 0.521 1 1  0.986 0.53 0.018 0 0.315 0.155 
Compressor outlet 
temperature 
0.518 0.986 0.986 0.986  0.459 0.027 0 0.334 0.166 
Humidity 0.504 0.53 0.53 0.53 0.459  0.063 0.102 0.058 0.001 
External temperature 0.398 0.018 0.018 0.018 0.027 0.063  0.873 0.37 0.5 
Evaporator 
temperature 
0.241 0 0 0 0 0.102 0.873  0.392 0.184 
Heating flow 
temperature 
0.024 0.315 0.315 0.315 0.334 0.058 0.37 0.392  0.125 
Air flow rate 0.001 0.155 0.155 0.155 0.166 0.001 0.5 0.184 0.125  
 
Regression analysis – From now on, we will focus on the couples of parameters that have the biggest correlation 
factor to continue to look for contradictions. Now we need to find the direction of the evolution between these 
parameters regarding the ideal system. We modeled this ideal by a “+” if we want this parameter high and by a “-“ if 
we want it low and then we apply the signs rules to find the sign of direction we want. We bring face to face these 
signs with what a linear regression gives us and if the sign is not the same this means that there is a contradiction. If 
we take the example of the coefficient of performance with the fan consumption, which is a technical contradiction 
we chose for the study, we get back to the contradiction (Table 2). 
Table 2: Analyze of the correlation direction 
Parameters COP Fan consumption 
Ideal + + 
Expected + 
regression -12.9 
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Clustering the product data set - In addition, we tried to apply a cluster algorithm to check if we could identify 
some specific subsets in the product data set. These clusters are expected to reveal similar moments in the product 
state, and entail contradictions between different clusters. In order to process our small data set we used a simple k-
means algorithm (with 2 clusters). In order to strengthen the ability of the algorithm to distinguish between trends in 
the data set, we have first normalized the data (each attribute is mapped to an interval between [0,1]).  
The process reveals two clusters that we represent using the cluster centroids (Fig. 5). The split between the two 
clusters is apparent and readable in terms of high/low values for each attribute.  
This analysis shows that there are two operation modes for the system including one that maximizes performance 
and minimizes nuisances. The identification of the split boundary allows us to identify favorable areas of operation. 
 
Fig. 5: Cluster centroids plot 
4.4. Analysis of the results 
The proposed data process consists in an accumulation of a huge number of data and analyzing them to discover 
contradictions. When the data are stored, the first step is to analyze the data to see whether some evolve in the same 
way as others and in what measure it does so. The couples of data identified with the highest correlation factor could 
be a potential correlation. But to confirm this, experts have to match the ideal with the direction of evolution of the 
data couple. And then, when we observe a difference, there is a great chance to find a contradiction. 
In our experiment, we start from a ploy-contradiction to find it in data. The most important part of these 
contradictions has been found and “polluting” data we introduced did not interfere with the results. However, some 
of them haven’t been detected in the correlation matrix. With the experts we concluded that it came from the 
approximations in the calculation of the air flow. Actually, by deepening the reasons for this error, we realized that 
hat our calculation hypothesis was too restrictive. This hypothesis, missing the water condensation on the system 
helped us find a way to detect and quantify this phenomenon. This information has been used to document an idea of 
technical solution we had to answer another contradiction. 
Also, the clustering approach seems to be promising. In our case study, it shows two different operating modes 
with low dependencies to external factors. The study of these areas allows us to make optimization vector appear by 
promoting the operation of the system in one of them. 
So, in this practical case, we used this process in two different ways: 
Cluster 0
Cluster 1
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x To power a workshop documenting a contradiction already identified. 
x To upstream to lead the designer towards probable contradictions. 
5. Conclusion and perspectives 
In this paper we offer a new perspective process to analyze a system towards the TRIZ approach and with the 
production of data as the main resource. This research is justified by the fast growth of communication and information 
technologies that should allow companies to be more and more connected with their product. 
In the experiment we found some promising results. Even if we missed some expectations, some knowledge has 
been discovered again and should easily be translated with TRIZ formalism. However, we can notice that we cannot 
do anything without an expert who must specify some expectations. Secondly, the fact that we work only with 
operating data introduces some approximation defects that can generate some unwanted effects. 
In the long term, we plan to go into depth with a systematic data analysis method to feed the TRIZ problem solving 
within the Thermibox project. We should take care of the number of data that should grow and bring up new elements. 
And also use this kind of analysis in the TRIZ solving problem process more systematically and measure the impact 
it has on designers. 
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